ROGRESS in the field of antiretroviral therapy for human immunodeficiency virus type 1 (HIV-1) infection has brought the end of the zidovudine-monotherapy era, [1] [2] [3] an improved understanding of the pathogenesis of HIV-1 disease, [4] [5] [6] [7] [8] [9] demonstrations of the prognostic importance of plasma HIV-1 RNA quantification, [10] [11] [12] [13] [14] [15] [16] [17] and the availability of increasingly potent therapeutic agents. Much of this progress is linked to the introduction of the HIV-protease inhibitors, drugs that inhibit the processing of Gag and Gag-Pol polyprotein precursors and thus prevent the maturation of virions. [18] [19] [20] Trials of HIV-protease inhibitors have shown beneficial effects on CD4 cell counts and plasma HIV-1 RNA concentrations to a degree not previously described with approved reverse-transcriptase inhibitors. [21] [22] [23] [24] [25] [26] The most notable findings have involved three-drug combinations that include a potent HIV-protease inhibitor and two nucleoside an-726 ؒ September 11, 1997 The New England Journal of Medicine alogues. Specifically, when patients previously exposed to zidovudine who had either 50 to 400 or 50 or fewer CD4 cells per cubic millimeter were treated with indinavir, zidovudine, and lamivudine, plasma HIV-1 RNA concentrations were suppressed to less than 500 copies per milliliter in 85 percent and 65 percent of patients, respectively. 24, 25 These findings have raised the important question of the clinical efficacy and safety of a three-drug regimen containing indinavir. We addressed that issue in this study.
METHODS

Study Design and Patients
The AIDS Clinical Trials Group 320 Study was a randomized, double-blind, placebo-controlled trial that compared the threedrug regimen of indinavir (Crixivan), open-label zidovudine (Retrovir) or stavudine (Zerit), and lamivudine (Epivir) with the two-drug regimen of zidovudine (or stavudine) and lamivudine in HIV-infected patients who had no more than 200 CD4 cells per cubic millimeter and at least three months of prior zidovudine therapy. The randomization was stratified according to the CD4 cell count obtained at the time of screening (50 or fewer cells per cubic millimeter as compared with 51 to 200 cells per cubic millimeter). The study was designed to enroll 1750 patients, with 40 percent of them in the stratum with 50 or fewer CD4 cells per cubic millimeter. The primary outcome measure in the assessment of efficacy was the development of a new acquired immunodeficiency syndrome (AIDS)-defining event (except when the AIDS-defining event was the development of Pneumocystis carinii pneumonia, in which case both new and recurrent events were accepted as outcome measures) or death; in the assessment of safety, the outcome measure was the occurrence of adverse events (signs, symptoms, or laboratory abnormalities) defined as severe or worse according to the grading scheme of the AIDS Clinical Trials Group. 27 The secondary outcome measures studied were death and changes in CD4 cell counts and plasma HIV-1 RNA concentrations.
The patients, recruited from 33 AIDS Clinical Trials Units and 7 National Hemophilia Foundation sites in the United States and Puerto Rico (see the Appendix), had to be more than 16 years old and had to have laboratory documentation of HIV-1 infection, a CD4 cell count of 200 per cubic millimeter or less within the 60 days before entry into the study, at least 3 months of prior zidovudine treatment, no more than 1 week of prior lamivudine treatment, no prior treatment with protease inhibitors, a Karnofsky performance score of at least 70, and acceptable laboratory values. The study was approved by the institutional review boards of the participating institutions, and all the patients gave written informed consent.
The patients received open-label zidovudine (200 mg three times daily) and lamivudine (150 mg two times daily) and were randomly assigned to receive indinavir (800 mg) or matching placebo every eight hours. In the first version of the protocol, only patients who could tolerate zidovudine and who had had at least 6 months of prior zidovudine therapy were enrolled, and the substitution of stavudine for zidovudine was permitted in the event of drug-associated toxicity at any point after randomization or if clinical progression of HIV-1 disease occurred that did not fulfill the criteria for a protocol-defined AIDS event at or beyond 24 weeks of study. The dose of stavudine was 40 mg two times daily (or 30 mg two times daily for patients weighing less than 60 kg). A protocol modification in October 1996 reduced the required prior exposure to zidovudine to at least three months and permitted patients who could not tolerate zidovudine to enter the study with stavudine substituted for zidovudine at the time of randomization. Prophylaxis for P. carinii pneumonia was mandated. Prophylaxis for other opportunistic infections was permitted, although the use of rifabutin was prohibited.
Patients who had verified AIDS-defining events were offered open-label indinavir therapy with the approval of the study chairs and without having their initial treatment assignments revealed. All potential AIDS-defining events were reviewed in a blinded fashion by the study chair; only those that met the criteria defined in the study protocol were included in the analysis.
Monitoring and Enrollment
The patients were followed at weeks 4, 8, and 16 and every eight weeks thereafter with a clinical assessment and routine laboratory monitoring. CD4 cell counts were determined twice at base line and at weeks 4, 8, 24, and 40. Enrollment began in January 1996. The study was reviewed twice by a data and safety monitoring board. At the second such review, on February 18, 1997, the comparison of the groups based on data on the patients randomized by January 27, 1997, showed a significant difference between groups that met the prespecified guideline for stopping the study. 28 At that time, the board recommended that the accrual of patients be terminated and the study closed.
Plasma HIV-1 RNA concentrations were determined retrospectively in appropriately stored specimens from 190 randomly selected patients. These concentrations were measured twice at base line and at weeks 4, 8, 24 , and 40 (Roche Amplicor HIV-1 Monitor assay). 29 
Statistical Analysis
The times to events were compared between treatment groups by Kaplan-Meier estimates, log-rank tests, and proportional-hazards models stratified according to the CD4 cell count obtained at the time of screening (50 or fewer vs. 51 to 200 cells per cubic millimeter). 30 Changes in CD4 cell counts over time were compared in a mixed-effects regression model. 31 An analysis of covariance adjusted for the screening CD4 cell count and the AIDS Clinical Trials Unit was used to compare changes in the CD4 cell count and the HIV-1 RNA concentration at each measurement. 32 With regard to changes in HIV-1 RNA, this calculation used a regression for censored data: concentrations below the limit of quantification, 500 copies per milliliter, were censored. 33 Analyses of all the variables pertaining to efficacy were performed on an intention-to-treat basis that included data on all patients randomized and all available follow-up data (including that obtained after the discontinuation of the study treatment). In the analyses of adverse events, the treatments were compared by a chi-square test; the follow-up data were censored either when a patient began receiving open-label indinavir or 56 days after the permanent discontinuation of the study treatment, whichever came first, and were restricted to patients for whom the study treatment was dispensed. All reported P values are two-sided. P values, estimates of differences between treatments, and 95 percent confidence intervals are unadjusted for the repeated interim analyses.
RESULTS
Accrual and Characteristics of the Patients
There were 1156 patients randomized between January 29, 1996, and January 27, 1997. Of these, 439 (38 percent) had 50 CD4 cells or fewer per cubic millimeter and 717 (62 percent) had 51 to 200 CD4 cells per cubic millimeter. The base-line characteristics of the study patients (Table 1) were well balanced between treatment groups.
Duration of Follow-up and Study Treatment
The median duration of follow-up was 38 weeks. Five percent of the patients were lost to follow-up; the duration of follow-up and the percentage of patients lost to follow-up were similar in both treatment groups and both CD4-cell strata.
Ten patients did not have any study treatment. Of the remaining 1146 patients, 227 (20 percent) discontinued the study treatment prematurely, more than seven days before reaching a study end point. The proportion who discontinued the study treatment was higher in the group receiving zidovudine (or stavudine) and lamivudine (28 percent) than in the group receiving indinavir, zidovudine (or stavudine), and lamivudine (12 percent, P Ͻ 0.001). In the stratum with 50 CD4 cells or fewer per cubic millimeter, the proportions of patients discontinuing the study treatment in the two groups were 32 percent and 16 percent, respectively (P Ͻ 0.001), and in the stratum with 51 to 200 CD4 cells per cubic millimeter, these proportions were 26 percent and 9 percent (P Ͻ 0.001). Only 4 percent of patients (10 of 227) discontinued the study treatment prematurely because of protocol-defined adverse events: 4 patients assigned to zidovudine (or stavudine) and lamivudine and 6 patients assigned to indinavir, zidovudine (or stavudine), and lamivudine. Among the premature discontinuations, 52 percent (117 of 227) were initiated by the patients, and for approximately half these patients the reasons given included a desire to seek open-label therapy with protease inhibitors, concern about the plasma HIV-1 RNA concentration (on the basis of determinations made outside the study), or both.
Progression of Disease
Ninety-six patients (8 percent) had AIDS-defining events or died (Table 2) . Sixty-three patients (11 percent) assigned to zidovudine (or stavudine) and lamivudine had disease progression, as compared with 33 patients (6 percent) assigned to indinavir, zidovudine (or stavudine), and lamivudine (P ϭ 0.001; estimated hazard ratio, 0.50; 95 percent confidence interval, 0.33 to 0.76) (Fig. 1A) . There was no significant difference in the relative effects of the two treatments between the patients with 50 CD4 cells or fewer per cubic millimeter and the patients with 51 to 200 CD4 cells per cubic millimeter. Forty-four patients in the former stratum (20 percent) had AIDS-defining events or died in the group assigned to zidovudine (or stavudine) and lamivudine, as compared with 23 patients (11 percent) in the group assigned to indinavir, zidovudine (or stavudine), and lamivudine (P ϭ 0.005; estimated hazard ratio, 0.49; 95 percent confidence interval, 0.30 to 0.82) (Fig. 1B) . In the stratum with 51 to 200 CD4 cells per cubic millimeter, 19 patients (5 percent) had AIDS-defining events or died in the group assigned to zidovudine (or stavudine) and lamivudine, as compared with 10 patients (3 percent) in the group assigned to indinavir, zidovudine (or stavu- (28) 205 (18) 25 (2) 203 (46) 142 (32) 84 (19) 10 (2) 395 (55) 186 (26) 121 (17) 15 ( 184 (16) 36 (3) 67 (15) 16 (4) 117 (16) 20 ( The New England Journal of Medicine dine), and lamivudine (P ϭ0.08; estimated hazard ratio, 0.51; 95 percent confidence interval, 0.24 to 1.10) (Fig. 1C) . Overall, 26 patients died (2.2 percent) ( Table 2 ). Eighteen patients (3.1 percent) died in the group assigned to zidovudine (or stavudine) and lamivudine, as compared with eight (1.4 percent) in the group assigned to indinavir, zidovudine (or stavudine), and lamivudine (Pϭ0.04; estimated hazard ratio, 0.43; 95 percent confidence interval, 0.19 to 0.99). There was no significant difference in the relative effects of the two treatments between the two strata. Among the patients with 50 CD4 cells or fewer per cubic millimeter, 13 patients receiving only the two nucleoside analogues died (5.9 percent), as compared with 5 patients receiving all three drugs (2.3 percent; Pϭ0.05; estimated hazard ratio, 0.37; 95 percent confidence interval, 0.13 to 1.04). Among the patients with 51 to 200 CD4 cells per cubic millimeter, five patients assigned to zidovudine (or stavudine) and lamivudine (1.4 percent) died, as compared with three patients assigned to indinavir, zidovudine (or stavudine), and lamivudine (0.8 percent).
A total of 109 of the 1156 patients (9.4 percent) were treated with stavudine instead of zidovudine before the development of an AIDS-defining event or death. None of the three patients who were initially assigned to stavudine had a protocol-defined end point. Among the 106 patients in whom stavudine was substituted for zidovudine after randomization, 3 (all in the two-nucleoside group) had AIDS-defining events, and none died.
AIDS-Defining Events
In all, there were 91 AIDS-defining events (including multiple events per patient). Sixty of these occurred among the patients assigned to receive zidovudine (or stavudine) and lamivudine, as compared with 31 among the patients assigned to indinavir, zidovudine (or stavudine), and lamivudine. The most common events were infections with P. carinii, cytomegalovirus, and Mycobacterium avium complex (constituting 25 percent, 20 percent, and 16 percent of events, respectively).
Changes in CD4 Cell Counts
Increased CD4 cell counts that persisted above base-line values were seen in both treatment groups, with superior responses in the group receiving indinavir. At weeks 4, 8, 24, and 40, the mean CD4 cell count in the patients assigned to zidovudine (or stavudine) and lamivudine increased by 27, 30, 18, and 40 cells per cubic millimeter, respectively. The corresponding mean increases in the patients assigned to indinavir, zidovudine (or stavudine), and lamivudine were 46, 65, 91, and 121 cells per cubic millimeter ( Fig. 2A) . Thus, the change at week 4 was greater by 19 cells per cubic millimeter (PϽ0.001) in the group that received indinavir, and the difference increased with time (PϽ0.001), to 36, 73, and 82 cells per cubic millimeter at weeks 8, 24, and 40, respectively.
The responses of the CD4 cell count to treatment are shown in Figures 2B and 2C . In the group receiving zidovudine (or stavudine) and lamivudine, the early increases from base line -those at weeks 4 and 8 -were smaller in the stratum with 50 CD4 cells or fewer per cubic millimeter than in the stratum with 51 to 200 CD4 cells per cubic millimeter. However, the changes from base line in the longer term -those at weeks 24 and 40 -were similar in the two strata. Exploratory analyses of the CD4 cell counts in the two treatment groups when the data were censored at the times patients changed from the treatment to which they were initially assigned showed increases from base line that were similar to those in the intention-to-treat analyses at weeks 4, *The reference group is the group receiving zidovudine (or stavudine) and lamivudine. †Values were calculated by the log-rank test. (5) 5 (1) 8, and 24 (data not shown). At week 40, the difference between the two treatment groups was smaller in the intention-to-treat analysis than in the censored analysis (difference in mean change, 82 vs. 115 cells per cubic millimeter), suggesting that the difference may have been reduced by the greater proportion of subjects who changed treatment in the group receiving zidovudine (or stavudine) and lamivudine.
Changes in Plasma HIV-1 RNA Concentrations
The responses of the plasma HIV-1 RNA concentrations to treatment were studied in 190 randomly selected patients. There were persistent decreases from the base-line values in both treatment groups, with significantly better responses in the group whose treatment included indinavir (PϽ0.001 in an area-under-the-curve analysis). At weeks 4, 8, 24 , and 40, the mean decreases in plasma HIV-1 RNA The New England Journal of Medicine in the group receiving zidovudine (or stavudine) and lamivudine were 0.9, 0.6, 0.6, and 1.0 log 10 copies per milliliter, respectively. The corresponding decreases in the group receiving indinavir, zidovudine (or stavudine), and lamivudine were 1.8, 2.3, 2.8, and 2.1 log 10 copies per milliliter (Fig. 3A) . The changes from base line were significantly greater at each time point in the group treated with indinavir (PϽ0.001 at weeks 4, 8, and 24; Pϭ0.007 at week 40). At week 24, the proportion of patients with plasma HIV-1 RNA concentrations of less than 500 copies per milliliter was 9 percent in the two-nucleoside group, as compared with 60 percent in the group treated with indinavir. The plasma HIV-1 RNA responses according to the CD4 cell count are shown in Figures 3B and 3C . In the patients with 50 CD4 cells or fewer per cubic millimeter, the decreases in plasma HIV-1 RNA appeared to be smaller than those in the patients with 51 to 200 CD4 cells per cubic millimeter. However, conclusions about stratum-specific plasma HIV-1 RNA responses need to be made cautiously because of the small numbers of patients followed through week 40.
Adverse Events
The proportion of patients with signs and symptoms that were severe (grade 3) or worse (grade 4) in the group receiving zidovudine (or stavudine) and lamivudine was 18 percent, as compared with 21 percent in the group receiving indinavir, zidovudine (or stavudine), and lamivudine (Pϭ0.17). The most common symptoms were nonspecific discomfort, malaise, fever, headache, and nausea and vomiting, with no difference in the reporting of symptoms between treatment groups.
The proportion of patients with severe laboratory abnormalities or worse in the group receiving zidovudine (or stavudine) and lamivudine was 26 percent, as compared with 21 percent in the group receiving indinavir, zidovudine (or stavudine), and lamivudine (Pϭ0.06). This difference primarily reflected a difference between the groups in the incidence of neutropenia (15 percent and 5 percent, respectively; PϽ0.001). In contrast, the proportion of patients with hyperbilirubinemia was 1 percent in the two-nucleoside group, as compared with 6 percent in the group treated with indinavir (PϽ0.001), a finding compatible with the known elevation of indirect bilirubin associated with the use of indinavir. Two percent of the patients in each treatment group had hyperglycemia.
Five patients receiving zidovudine (or stavudine) and lamivudine (1 percent) had episodes of renal colic or nephrolithiasis (irrespective of grade), as compared with 21 patients receiving indinavir, zidovudine (or stavudine), and lamivudine (4 percent, Pϭ0.001). Three of the five patients in the two- Five new diagnoses of diabetes mellitus were recorded: two in the two-nucleoside group and three in the group treated with indinavir.
DISCUSSION
This study showed the clinical superiority of the three-drug regimen containing indinavir over the two-nucleoside combination in patients previously treated with zidovudine who had CD4 cell counts of 200 per cubic millimeter or less. The proportion of patients whose disease progressed to AIDS or death was reduced from 11 percent to 6 percent by the three-drug combination, a 50 percent reduction (Pϭ0.001). The hazard ratios in the study patients as a whole (0.50), those with CD4 cell counts of 50 per cubic millimeter or less (0.49), and those with counts of 51 to 200 per cubic millimeter (0.51) were very similar, suggesting that the effect of treatment was similar across the study population, although the possibility of differential effects cannot be ruled out. Mortality, low in both groups, was reduced from 3.1 percent to 1.4 percent with the three-drug regimen (Pϭ0.04). Thus, there was evidence of a reduction in mortality that was consistent with the reduced risk of progression to the primary outcome measure of AIDS or death.
The rate of loss to follow-up in this study was low (5 percent), and the overall rate of premature discontinuation of treatment was moderate (20 percent). Seventy-nine percent of the 96 AIDS-defining events or deaths occurred while the patients were receiving the study treatment or within seven days of its discontinuation. Although rates of withdrawal from treatment differed between the two study groups, the tendency for patients who withdrew prematurely from the two-nucleoside group to seek treatment with protease inhibitors would tend to narrow the differences between the groups in rates of disease progression and therefore should not affect the conclusions of the study. Conversely, when a study is terminated early because a stopping guideline is used, differences between the treatment groups tend to be overestimated because of random variation. 34 However, it is impossible to determine the relative magnitude of these effects.
These findings confirm on the basis of clinical end points the results of earlier trials of the combination of indinavir, zidovudine, and lamivudine in patients previously treated with zidovudine, trials that showed that the three-drug combination produces superior responses in plasma HIV-1 RNA concentrations and CD4 cell counts. 24, 25 The suppression of plasma HIV-1 RNA to unquantifiable levels in the majority of subjects with this drug combination is accompanied by greater suppression of HIV-1 RNA expression in lymphoid tissue 35 and may prevent the emergence of resistance -factors that may add to the clinical benefit now established for this regimen. Our study also found superior responses of CD4 cells and plasma HIV-1 RNA with the three-drug regimen.
We chose the combination of zidovudine and lamivudine as the control treatment because of the unique interactions between these two agents with respect to mutations conferring resistance, the results of phase 2 trials, the tolerance associated with the regimen, and its widespread use in clinical practice. [36] [37] [38] [39] [40] The clinical benefit of lamivudine when that drug is added to previously available nucleoside analogues to treat patients with 25 to 250 CD4 cells per cubic millimeter was recently confirmed in the CAESAR trial, in which the risk of AIDS or death was reduced by approximately 50 percent. 41 In the control group in our study, there was a relatively low rate of disease progression, as well as a moderate increase in the CD4 cell count and a decline in plasma HIV-1 RNA; these persisted throughout the study, even though it is now recognized that simply adding lamivudine to a preexisting regimen is not a standard clinical approach. The strength of the control group in this study is also an important difference between this study and previously reported studies of other HIV-protease inhibitors that have assessed clinical end points. 42, 43 In the Abbott M94-247 trial, ritonavir or placebo was added to stable prior nucleoside-analogue therapy or no therapy. 42 In the Hoffmann-La Roche NV14256 trial, a regimen of saquinavir plus zalcitabine was compared with zalcitabine monotherapy. 43 In the context of these other trials, our study makes it clear that more potent therapies, now represented by three-drug regimens containing a protease inhibitor, are preferable in patients with advanced disease. The durability of the clinical benefit conferred by indinavir as part of a three-drug regimen has not been fully defined, however.
Improving the use of the currently approved agents to treat HIV-1 infection, and the promising drugs on the clinical horizon, [44] [45] [46] in the management of HIV-1 disease remains a challenge. 47 However, this study supports the view that employing well-tolerated regimens of increasing potency will translate into greater clinical benefits for patients with HIV-1 infection. 
